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[57] ABSTRACT 
An integrated power circuit for driving an inductor 
load including an integrated current sensor is provided. 
The integrated circuit includes a power transistor in 
series with the inductive load for operationally con 
ducting a load current of at least 1 amperes and cir 
cuitry for applying a predetermined operational voltage 
across the power transistor. A sensing transistor having 
an emitter-base junction area less than 10—3 times the 
emitter-base junction area of the power transistor and a 
base terminal common with the base terminal of the 
power transistor is included in the integrated circuit as 
is circuitry for applying a predetermined voltage across 
the sensing transistor. The integrated circuit further 
includes circuitry for applying a voltage to the common 
base terminals to activate both the power and sensing 
transistors whereby a small current mirroring the load 
current ?ows through ‘the sensing transistor. The cir 
cuitry also senses the current level of the activated 
sensing transistor. The sensed current may then be used 
to control the load current by suitable feedback cir 
cuitry. 

4 Claims, 1 Drawing Figure 
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INTEGRATED POWER CIRCUIT WITH CURRENT 
SENSING MEANS 

DESCRIPTION 

1. Technical Field 
The present invention relates to power to drive cir 

cuits and particularly power or drive circuits for induc 
tor loads such as stepper motor coils. 

2. Background Art 
Conventional drive circuitry for inductor loads such 

as stepper motor coils usually consist of a power or 
driving transistor in series with the inductor load for 
operationally conducting a high load current in the 
order of at least 1 amperes and means for sensing the 
load current with appropriate feedback to thereby con 
trol the load current. Some typical inductor load drive 
circuits are described in U.S. Pat. Nos. 4,072,888, 
4,127,801 and U.S. Pat. No. 4,412,166, entitled “A Step 
per Motor Drive Circuit for Synchronous Switching of 
Core Winding” C. H. Crider et al, ?led on Feb. 26, 1981 
and issued on Oct. 25, 1983. Such inductor power or 
drive circuits have conventionally utilized one or more 
power or drive transistors which have usually been 
discrete devices in combination with switching means 
for rendering such power transistors conductive or 
non-conductive as well as discrete resistor sensing cir 
cuitry for monitoring load current so that the feedback 
may be used to switch the load current on and off to 
control load current. ‘One problem with utilization of 
such discrete resistors is that the current is sensed by 
measuring the voltage across these sense resistors. Thus, 
a signi?cant portion of the circuit power may be dissi 
pated across the sense resistor and therefore not avail 
able for driving purposes unless the resistor is made as 
small as possible. To this end, resistors in the order of 
0.4 ohms have been utilized as sense resistors in order to 
minimize power dissipation. However, because of the 
low sense voltage, it is dif?cult to maintain an accept 
able signal to noise ratio. 

Also, because of the construction techniques pres 
ently used for such power resistors, they contain a sig 
ni?cant parasitic inductance which introduces into the 
sense voltage an error voltage proportional to the rate 
of current change. 
The present invention provides an inductor load 

power or drive circuit including snesing means wherein 
the sense resistor together with its problems described 
above is eliminated. As will be hereinafter described in 
greater detail, this is achieved through the expedient of 
an integrated power drive circuit wherein the power 
transistor is arranged in an integrated current mirroring 
circuit with a sensing transistor. 
The general concept of current mirroring by paired 

transistors in integrated circuits is not a new one. For 
example, U.S. Pat. No. 4,017,748 utilizes paired current 
mirroring transistor in an integrated circuit for stray 
voltage detection in low power battery operated signal 
receiving devices such as pocket pagers. It also dis 
cusses the general disadvantages of integrated circuit 
resistors, i.e., the substantial chip area required for them 
as well as the power lost in them. 

U.S. Pat. No. 4,057,743 discloses a current sensing 
circuit in which paired current mirroring integrated 
circuit transistors are used together in an integrated 
current sensing circuit. In other words, the paired mir 
rored transistors actually constitute current sensing 
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2 
circuit itself. This current sensing circuit, is not a power 
or drive circuit and does not drive an inductive load. 

U.S. Pat. Nos. 3,743,850 and 3,952,257 and the article 
“Controlled Current Gain for Integrated Circuits,” P. 
R. Epley et al published in the IBM Technical Disclosure 
Bulletin, October 1976, pages 1831 and 1832 represent 
general prior art teachings that a plurality of current 
mirroring transistors may be used for current scaling or 
current proportioning in integrated circuit. The propor 
tioning or scaling is based upon comparative sizes of the 
emitter-base junction in these current mirroring transis 
tors. 

U.S. Pat. No. 4,140,960 is a general teaching of the 
use of current mirroring transistors for current control 
circuits. It does not relate to integrated circuits and 
particularly to integrated circuits containing power or 
drive transistors. 

DISCLOSURE OF THE INVENTION 

The present invention substantially eliminates all of 
the sensing problems involved in conventional circuits 
for driving inductor loads which utilize sense resistors. 
An integrated circuit expedient is provided for driving 
an inductive load including an integrated circuit power 
transistor connected to said inductor for operationally 
conducting a load current of at least 1 amperes and 

' usually 3 or more amperes. Further included are current 
mirroring transistor means in the integrated circuit 
which serve as a sensing transistor from which the cur 
rent level in the sensing transistor and consequently the 
load current may be accurately sensed by conventional 
current sensing means. 

In addition to the power transistor in series with the 
load, the integrated circuit includes means for applying 
a predetermined voltage across the power transistor, a 
sensing transistor having an emitter-junction area less 
than 10*3 times the emitter-base junction area of the 
power transistor and a base terminal which is common 
with the base terminal of the power transistor, means 
for applying a predetermined voltage across the sensing 
transistor and means for applying a voltage to the com 
mon base terminals to activate both the power and 
sensing transistors whereby a small current mirroring 
the load ?ows through the sensing transistor. Means are 
included for sensing the current level in the activated 
sensing transistor. 

In accordance with a more speci?c aspect of the 
present invention, the inductor load is a stepper motor 
coil, and the circuit further includes switching means 
responsive to the sensing means for switching the volt 
age across the power transistor on and off to thereby 
control the load current level. 

BRIEF DESCRIPTION OF DRAWINGS 

Referring now to the drawings, wherein a preferred 
embodiment of the invention is illustrated, and wherein 
like reference numerals are used throughout to desig 
nate like parts; 
The FIGURE is a diagrammatic representation of a 

clocked chopper circuit which is a preferred embodi 
ment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring to the ?gure, coil 10 is representative of a 
coil in any conventional stepper motor through which 
the current is to be controlled by the integrated circuit 
expedient of the present invention. Coil 10 may be a coil 
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in a typical stepper motor such as those described in 
previously mentioned US. Pat. Nos. 4,072,888 or 
4,127,801. Voltage source Vs, which for the purpose of 
the present embodiment is about 36 volts, is applied to 
coil 10 through transistor 11 which serves as a switch to 
determine whether or not coil 10 is on or off. Standard 
stepper motor control means determine the stages of a 
stepper motor operation when coil 10 will be on or off. 
If coil 10 is to be on, then the circuitry will provide an 
appropriate signal to base terminal 12 of switching tran 
sistor 11 to activate the transistor and turn coil 10 on. 
For the purposes of this description, we will assume 

that coil 10 is in the on or operative state, and we will 
now describe how the integrated circuit of the present 
invention senses and controls the load current through 
coil 10 to maintain this current at a desired level. The 
coil drive and control circuitry is contained in an inte 
grated circuit unit 13 in which transistor 14 is a power 
transistor which drives coil 10. Power transistor 14 is 
selected so that when it is operational with the circuit 
parameters shown in the figure, a load current of at least 
1 amperes will pass through coil 10. 
For purposes of the present embodiment, let us as 

sume that load current through coil 10 is to be con 
trolled to 3 amperes. Circuit unit 13 embodies a chopper 
drive circuit which acts to maintain a current level of 3 
amperes through coil 10. The circuit functions as fol 
lows. Sense transistor 15 is a current mirroring transis 
toring formed by the identical integrated circuit pro 
cessing which formed power transistor 14 but having a 
much smaller emitter area selected such that the area of 
the emitter-base junction in sense transistor 15 is a small 
fraction of the area of the emitter-base junction in 
power transistor 14. For, effective results, sense transis 
tor 15 has a base-emitter junction area of less than l0—3 
times the base-emitter junction area of power transistor 
14. The emitter area of current mirroring sense transis 
tor 15 is tailored such that when the 3 ampere current 
flows through power transistor 14, a mirroring current 
of 3 milliamperes will flow through sense transistor 15. 
The integrated circuit unit 13 including current mir 

roring transistors 14 and 15 may be produced by any 
conventional integrated circuit chip fabrication tech 
nique such as those described in US. Pat. No. 3,539,876 
with emitter areas of respective transistors 14 and 15 
when tailored in proportion to the current tailoring 
requirement described above. 

Since the selected load current for coil 10 is 3 am 
peres, the sensing the feedback circuit embodied in 
circuit unit 13 is arranged so that when the current 
through coil 10 begins to exceed 3 amperes, power 
transistor 14 will be turned on and off, i.e., chopped 
until the load current through coil 10 drops to 3 am 
peres. This is done as follows. In order for power tran 
sistor 14 to be in the on or conductive state, a base input 
on line 17 must be provided to base 18 of power transis 
tor 14 which is common with base 19 of sense transistor 5 
15 through line 20. In order for the signal to be applied 
to base 18 on line 17, transistor switch 21 must be on. 
Transistor switch 21 is maintained in the on state when 
an output signal is provided from the latch 22 on line 23. 
When coil 10 is being turned on by transistor 11, latch 
22 will be in the reset state so as to provide the required 
signal on line 23. Thus, the load current flows through 
coil 10 and power transistor 14 and the mirrored current 
?ows through sense transistor 15. When the current 
through transistor 14 rises to and begins to exceed 3 
amperes, the mirrored current in sense transistor 15 will 
begin to exceed 3 milliamperes. This level will be sensed 
by current comparator 16 and a set signal will be pro 
vided on output line 24 to latch 22. Upon reviewing the 
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set signal, latch 22 will act to turn off transistor 14 by 
removing the base drive from transistor 21 on line 23.' 
The load current will then reroute to the ?yback path 
through transistor 11, coil 10, and diode 26. During the 
?yback time the load current reduces. On the next ac 
tive edge of the clock (may be either rising or falling 
dependent on latch design) latch 22 is reset and turns 
transistor 14 back on by providing base drive to transis 
tor 21 via output line 23. The load current, now re 
duced, ?ows again through transistor 11, coil 10, and 
transistor 14. Once again the load current rises to 3 
amps wherein the entire cycle is repeated. This repeti 
tive charge up to 3 amps and discharge through the 
?yback path is known as chopping. When the charging 
period is forced to be synchronous with a clock it is 
known as clocked chopping. . . 

While the above example has been given speci?cally 
with respect to a conventional clock chopped stepper 
motor coil circuit, it should be clear that the present 
invention may be used in any integrated circuit con?gu 
ration wherein the power transistor drives a current 
controlled inductor load. . 

While the preferred embodiment description has been 
of a clocked chopper circuit, the circuit can also be 
implemented as a free running chopper using a compar 
ator with hysteresis and eliminating the latch. 

In addition, the coil drive circuitry need not be within 
the same integrated circuit as the control circuitry 
(comparator and latch). ‘ 
While the invention has been particularly shown and 

described with reference to a preferred embodiment it 
will be understood by those skilled in the art thatvari 
ous other changes in form and detail may be made with 
out departing from the spirit and scope of the invention. 
We claim: I ‘ 

1. An integrated circuit for driving an inductor load 
comprising ‘ 

a power transistor in series with said inductor load for 
operationally conducting a load current of at least 
1 amperes, . _ 

means for applying a predetermined voltage ‘across 
said power transistor, , 

a sensing transistor having an emitter-base junction 
area less than 10-3 times the emitter-base junction 
area of said power transistor and a base terminal 
common with the base terminal of said power tran 
sistor, 

means for applying a predetermined voltage across 
said sensing transistor, ’ 

means for applying a voltage to said common base 
terminals to activate both power and sensing tran 
sistors whereby a small current mirroring the load 
current flows through the sensing transistor, 

means for sensing the current level in said activated 
sensing transistor, and 

means for applying the output of said current level 
sensing means to said means for applying a voltage 
to said common base. 

2. The integrated circuit of claim 1 wherein said 
power and sensing transistors have common emitter 
terminals. > 

3. The integrated circuit of claim 1 wherein said in~ 
ductor load is a stepper motor coil. . ‘ . 

4. The integrated circuit of claim 3, .wherein said 
means for applying the output .of said current level 
sensing means include switching means responsive to 
said output for switching said voltage across said power 
transistor on and off, to thereby control the load current , 
level. . 
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